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ABSTRACT 


This thesis designed and partially implemented a platform independent mission 
planning and analysis system for the United States Special Operations Command 
(USSOCOM). The ability to move to platform independent technologies is particularly 
important for the special operations community since it can not expect standardized 
computer planning and analysis systems for their joint, multi-national, and inter-agency 
operations. This thesis also investigates the ability to integrate legacy systems using an 
open architecture on an object web. In addition, this thesis incorporates operations 
research methods into this system to show their importance in planning and analysis. 
The system is developed in the Java programming language using loosely coupled 
components. The system involves an image component that contains a map with 
overlays. The use of common object request broker architecture (CORBA) for 
integrating legacy systems is discussed. To show the relevance of this system, a scenario 
involving joint and coalition forces is developed. The scenario demonstrates the 
usefulness and need for platform independent planning and analysis systems. Finally, this 
thesis recommends an architecture that USSOCOM should investigate for its future 


mission planning, analysis, rehearsal, and execution (MPARE) system. 
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EXECUTIVE SUMMARY 


The purpose of this thesis is to assist the United States Special Operations 
Command (USSOCOM) in the development of a planning and analysis system that meets 
their unique needs. Special Operations Forces (SOF) currently operate in a manner that is 
described by Joint Vision 2010 as the Armed Forces of the future. That is, a force that 
conducts joint service, multi-national, and interagency missions. These heterogeneous 
forces are also dispersed throughout a large area of operations. Additionally, SOF 
missions often involve unpredictable situations and are time sensitive in nature. Finally, 
Special Operation Forces operate throughout the operations continuum. Their missions 
can range from humanitarian assistance operations during peacetime to surgical strikes 
during a full-scale war. Therefore, a successful SOF planning and analysis system must be 


platform independent, distributed, flexible and extensible. 


This thesis designed and partially implemented a platform independent mission 
planning and analysis system for the United States Special Operations Command 
(USSOCOM). The ability to move to platform independent technologies is particularly 
important for the special operations community since it can not expect standardized 
computer planning and analysis systems for their joint, multi-national, and inter-agency 
operations. This thesis also investigates the ability to integrate legacy systems using an 
open architecture on an object web. In addition, this thesis incorporates operations 


research methods into this system to show their importance in planning and analysis. 


The system is developed in the Java programming language using a loosely 
coupled components architecture. This architecture allows military planners to 
incorporate only the components desired for a particular situation. This creates a system 
that is flexible and extensible. This particular system involves an image component that 
contains a map with overlays and a network algorithm component. The use of common 
object request broker architecture (CORBA) for integrating legacy systems is also 
discussed. 

To show the relevance of this system, a scenario involving joint and coalition 
forces is developed. The scenario demonstrates the usefulness and need for platform 
independent planning and analysis systems. Finally, this thesis recommends an 
architecture that USSOCOM should investigate for its future mission planning, analysis, 


rehearsal, and execution (MPARE) system. 
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I. INTRODUCTION 
‘Joint Vision 2010 provides an operationally based template for 
the evolution of the Armed Forces for a challenging and uncertain future. 
It must become a benchmark for Service and Unified Command visions.” 
John M. Shalikashvili 
Former Chairman of the Joint Chiefs of Staff 
Joint Vision 2010 [1] foresees the Armed Forces comprised of high quality people 
and information-age technologies. Empowered by these new technologies, future forces 
will be able to dominate their enemies across the full spectrum of military operations. The 
anticipated improvements in command, control and intelligence brought on by 
information-age technologies are significant and will transform current operational 
concepts. The traditional functions of maneuver, strike, protection, and logistics will 
change to a new conceptual framework of dominant maneuver, precision engagement, full 
dimensional protection, and focused logistics. The application of these four concepts, 
which leverage technological advances in command, control, communications, computers, 
and intelligence (C41) systems, will provide the envisioned full spectrum dominance [1]. 
In effect, the future doctrine of our Armed Forces is predicated on advancements in 


information technologies, particularly those that improve command, control, and 


intelligence. 


Other dynamic changes in military operations forecast by Joint Vision 2010 include 
enhanced jointness and even more multinational or combined operations. Future 
commanders will be expected to win all engagements in a more efficient manner [1]. This 


can only happen through “seamless integration [1]” of the Services’ capabilities. The 


Armed Forces of tomorrow are to be “fully joint: institutionally, organizationally, 
intellectually,’ and perhaps most important, “technically [1].” In addition, future 
operations will be more than just joint. The Armed Forces of 2010 will be expected to 
work together with allied and coalition forces [1]. These anticipated changes imply that 


prospective C4I systems must integrate across Service and multinational lines. 


The final change identified by Joint Vision 2010 addresses the emerging potential 
adversaries. According to Joint Vision 2010, the U.S. must be prepared for a broader 
range of potential enemies. These probable opponents will be unpredictable in nature; but, 
we expect them to have many of the same information-age technological capabilities 
whether internally developed, purchased on the international market, or stolen. This 


requires future C4I systems to be intensely concerned with security. 


The C4I systems of 2010 are in development today. They need to be, since these 
systems are the driving force of tomorrow’s doctrine. These systems are being developed 
at the Joint level, each Service level, and throughout many of the Unified Commands. 


These systems seek to meet the goals set forth in Joint Vision 2010. 


This thesis investigates the development of a new system for the United States 
Special Operations Command (USSOCOM). Since command, control, communications, 
computers and intelligence encompass such wide areas, this thesis will concentrate only on 


the mission planning and analysis portion of such a system. 


A. BACKGROUND 
il. Vision. 


The United States Special Operations Command (USSOCOM) has its own vision 
of the future. This document is called SOF (Special Operations Forces) Vision 2020 and 
addresses the same issues identified in Joint Vision 2010. SOF Vision 2020 identifies the 
two fundamental strengths of Special Operations Forces as “quality people with unequaled 
skills and a broad-based technological edge [2].” This document further states that the 
defining characteristics of Special Operations Forces are that they are “sized, trained, and 
equipped to on across the technological and operational continuums [2];” they are 
“regionally focused [2]’, including cultural, linguistic, and political aspects; they are 
“rapidly deployable, surgical strike capable, and able to achieve combat, mobility, and 
information dominance on a limited scale [2];” and finally, they are “flexible and agile joint 
forces which can develop and execute unconventional, audacious, high pay-off courses of 
action [2].” These characteristics, which define the current and future state of Special 
Operation Forces, correspond with Joint Vision 2010’s reliance on joint, multinational, 
mobile, and highly technical operations that will have dominance throughout the full 
spectrum of the operational continuum of the future [1]. This thesis does not seek to 
prove that the Joint Staffs vision of the Armed Forces of the future is similar to the 
Special Operation Forces of present; that appears to be evident. These defining 
characteristics were addressed simply to highlight that the same requirements placed upon 


a C4I system of the future by Joint Vision 2010 are even more germane for the Special 


Operations community. Additionally, it is highly plausible that any system developed for 


USSOCOM could have an even larger group of users in the future. 


a Need 


The best way to illustrate the Special Operations Forces’ unique mission planning, 
analysis, rehearsal, and execution requirements is to first study their operations. An 
illustrative example of a Special Operation’s mission that is joint, multinational, and even 
inter-agency is a strike mission. The operational plan (OPLAN) could have Navy SEALs 
actually striking a target. The SEAL team, being a small unit, could be supported by a 
conventional host nation coalition and that could block roads or other networks coming 
into the area, thereby isolating the target. The coalition host nation forces, generally not 
familiar with U.S. operations and often non-English speaking, could be supported by U.S. 
Army Special Forces (SF) who speak their language and provide liaison and 
communications. All of these units could be flown to the target area by U.S. Air Force 
and U.S. Army Special Operations aviation elements using fixed wing aircraft or 
helicopters. The intelligence products on the target include satellite photos, electronic or 
signal profiles, and even human intelligence and could be obtained from U.S. national 
strategic assets. The entire mission could be directed by the Theater Commander in Chief 


(CINC) in support of a National Command Authority (NCA) objective. 


A mission this diverse requires a great deal of intricate planning, real-time analysis, 
rehearsal, and synchronized execution. Each unit has peculiar planning and analysis issues. 


For example, the SEALs will be concerned with the tides/sea conditions and enemy 


dispositions; the SF will need to know what kind of weapons and communications the 
coalition forces use; and the aviators will be concerned with winds, landing zones, air 
defense threats, and other flight conditions. Each unit will analyze the situation and 
prepare their particular plan; however, all of these plans must also be synchronized and 
developed into one effort focused on the CINC’s or operational commander’s vision. This 
synchronization requires much coordination and collaboration. In order to accomplish this 
effort successfully, time critical planning and analysis must be done vertically from higher 
command to lower, such as from an operational Special Operations Command (SOC) to a 
Joint Special Operations Task Force (JOSTF), and horizontally among all units at the 
same level, such as from a SEAL team to a Special Operations Aviation Detachment 
(SOQAD). Each unit will also want real-time intelligence of the enemy and target area 
simultaneously across various locations. A final concern is the distribution of forces. The 
SEALs could be on board a ship, the SF already in country, and the Air Force miles away 
at an air base in a third country. Special Operations’ missions such as this require real- 
time, highly dynamic, distributed planning. 

3. MPARE 

The United States Special Operations Command is attempting to address these 
concerns. USSOCOM has approved a program called Mission Planning, Analysis, 
Rehearsal, and Execution (MPARE) which is currently at milestone 0. The Concepts 


Requirements Document (CRD) will be published this year. 


The goal of MPARE, according to the Mission Need Statement dated February 24, 1997, 


is to provide: 


...the architecture, masterplan and oversight to integrate disparate 
special operations-specific mission planning and execution systems, 
simulations and simulators and to ensure connectivity with relevant 
command, control, communications, computers and intelligence (C41) 
networks. ...The key 1s to provide a coherent architecture that will allow all 
current and projected systems to exchange information in a seamless, 
automated fashion. Although integration of current and near-term systems 
must be addressed, the strength of MPARE will reside in its ability to 
develop a road map of the future which migrates existing systems into an 
architecture while providing a masterplan for future acquisition programs 
that is both financially prudent and operationally effective against 
tomorrow’ s threat. 


Currently, there are several automated and computerized planning systems in USSOCOM. 
Some of these systems display digital maps with overlays, read and wnite to databases, and 
automate the orders process. Some are portable, PC based systems, and some run on 
network or standalone workstations. The operating systems (OS) vary and include 
Windows 95, Windows NT, Sun Solaris, or even propnetary OS. The near term goal of 
USSOCOM is to integrate these systems and then link them to models, simulations, 
simulators, and other analytic tools. USSOCOM’s long term goal is to develop an 
architecture that will allow integration of individual mission planning systems operating on 
a variety of hardware platforms using differing software through a network. This feature 
will allow users to evaluate alternative plans through a simulation and analyze the results, 


feed the planning information to flight and ground simulators and rehearse the plan, and 


finally continue feeding the special operator with real-time information during mission 


execution. Real time analysis using new data received during execution is also possible. 


The SEALs on a ship, the SF in country, and the Air Force at an air base would 
receive the mission simultaneously from higher command. The units would then conduct 
vertical and horizontal planning while exchanging information over a secure network and 
continually receiving up-to-date, real-time intelligence on the enemy and the target. The 
plan would be integrated and approved by higher command. The higher command would 
send the plan back to a simulation center where it could be simulated and the results 
analyzed. Changes would be made and disseminated to the dispersed units synchronizing 
their efforts in real-time. The Air Force would feed the terrain and weather data into their 
flight simulators located at the air base and practice flying the mission. The SEALs would 
do the same in a ground simulator located on board ship while all units continue to receive 
intelligence updates from the SF located in-country and from national intelligence 
organizations (CIA, DIA). During the execution of the mission, all of the units would 
receive and send information to their higher command. The flow of information and 
continuing analysis of situations would not stop until the mission was successfully 


completed. 


4, Problem 


USSOCOM currently has a multitude of diverse planning systems that operate on 
different hardware platforms with different operating systems that are not interoperable. It 


is unreasonable to expect joint forces to discard existing legacy systems worth millions of 


dollars and move to a standardized planning system on a common platform. The Services 
all have different planning and analysis issues that require different capabilities. The 
problem becomes even more challenging when dealing with other government or non- 
government agencies or even other nations. Additionally, these heterogeneous operating 
forces (joint, multinational, and inter-agency) are often dispersed and not able to gather 
for a detailed planning process or rehearsal. Compounding this situation is the 
unpredictable, time-sensitive nature of special operations. In addition, existing Operations 
Research (OR) analytical tools are not truly integrated into these current planning and 
analysis systems. Traditional OR models must be modified to allow easy input of data and 
quick analysis. The OR models must have a fast turn-around time in order to be useful. 
The solution for integrating such diverse planning systems, distributing them to dispersed 
operators, responding to unanticipated situations, and integrating analytical tools must 
involve an architecture that is truly hardware platform and operating system/software 
independent, extensible, flexible and able to leverage legacy systems and applications. 


This problem is not small or trivial to solve. 


B. STATEMENT OF THESIS 


The technologies to support the above-mentioned solution either currently exist or 
are emerging. These technologies provide the needed capabilities that can meet the unique 
demands of special operations. The missing element is architecture. This architecture 
must bridge the systems architecture that currently exists for numerous monolithic 


computer hardware and operating systems with the operational architecture based on the 


standard operating procedure of the warrior. This bridging architecture between the 
hardware/systems architectures and operational architectures is currently being called a 
Joint Technical Architecture (JTA). Examples of current research in JTAs are the High 
Level Architecture (HLA), Distributed Integrated Systems (DIS), or other “middlewares.” 
This thesis describes another part of this technical architecture that incorporates these new 
technologies to achieve SOF mission planning needs. The research constructed a proof- 
of-concept system to demonstrate some of these capabilities and to validate this technical 


architecture. 


The technical architecture that this thesis espouses is platform independent, 
extensible, and network based. This is a truly open architecture that can support the 
addition of a number of components thus allowing a planning system to grow as needed. 
It can also leverage legacy systems. Additionally, this architecture is based on 


commercial-off-the-shelf (COTS) technologies that are inexpensive and widely available. 


The proof-of-concept of this architecture is a technical demonstration of a map- 
based planning and analysis system. This system was developed in a short time using this 
open architecture. This digital map-based planning and analysis system is a truly platform 
independent system using the COTS technologies of Java. It is also network based, giving 
it the ability to retrieve and distribute information to dispersed units. In addition, the 


system incorporates Operations Research analytical models. 


A special operations scenario is developed in order to show the applicability and 


capabilities of this planning system. This scenario involves the integration of joint, 


interagency, and multinational forces. It also demonstrates the need for OR tools. This 


scenario is fictitious, thus allowing the thesis to remain unclassified. 


The goals of this research are to demonstrate a platform independent, extensible, 
interoperable planning system. The research also shows the importance of OR in the 
planning process. Finally, it provides USSOCOM with some insights into developing their 


MPARE system 


This thesis consists of five chapters and two appendices. Chapter II defines some 
concepts that are key to understanding the rest of the thesis. Chapter III describes the 
related research in this field and will cover many of the Joint and Service peculiar systems 
currently being developed. Chapter IV details the design of the system developed for this 
thesis; it first reviews the USSOCOM planning requirements, then discusses the system 
structure. Chapter IV also includes the overall architecture as well as the particulars of 
the system built for the technical demonstration. The capabilities shown in the proof-of- 
concept are discussed next. This discussion is followed by a description of the system 
capabilities that are not implemented in the technical demonstration. Chapter V discusses 
the security of such systems and covers the dangers that are inherent in these systems and 
some possible resolutions. Chapter VI offers conclusions and includes recommendations 
for the future development of such systems. Appendix A is an explanation of the scenario 
used to demonstrate the capabilities of the system. Appendix B provides a walk-through 


of the system through the use of captured screen shots. 


I. KEY CONCEPTS 


Before proceeding further, some vital concepts are defined. These items are 
associated with network computing and object oriented programming which are part of 


the bedrock of this thesis. 


Platform independent - the concept that a particular software program can run 
without modification on different computer hardware running different operating systems. 
For example, a platform independent program can work without change on a personal 


computer (PC) running Windows 95 or a Hewlett-Packard workstation running UNIX. 


Java — a programming language orginally developed by Sun Microsystems for 
small electronic devices. This language is small and platform independent. Unlike other 
programming languages like C++, which compile their code into machine code optimized 
only for a PowerPC or a Pentium, Java source code translates into Java byte code that is 
not designed for any machine in particular. The Java byte code can run on any machine 
that is configured as a Java virtual machine (JVM). The JVM is a virtual model of the 
computer’s Central Processing Unit (CPU). This frees programmers to write code that 
can run not only on popular PCs but also on other machines ranging from large super 


computers to small hand-held devices. 


Component — a section of software that performs a task. A software component 
has a well-defined interface and 1s able to be distributed to other applications. An example 


of a component may be an algorithm that solves a simple problem. The code for this 
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algorithm will have a well-defined interface that allows other programmers to take the 


algorithm code and use it in their particular program. 


CORBA - the Common Object Request Broker Architecture [19]. A middleware 
developed by the Object Management Group (OMG), which is a consortium of over 700 
computer industry companies (minus Microsoft). This computer architecture allows 
interoperability of components executing on different computers. This allows components 
written in different programming languages, running on different operating systems to 


work together. 


Object Web — an integration of the CORBA components or distributed objects and 
the World Wide Web [19]. CORBA protocols are the common way to connect these 


components on the Internet. 


“ the network is the computer’ — the idea espoused by Sun Microsystems. Unlike 
the past, all the work need not be done by one machine. The user can distribute his work 
and access information across several computers on the network. 


¢ 


‘loosely coupled components” — a computing architecture researched by G.H. 
Bradley and A.H. Buss at the Naval Postgraduate School [3]. The basic precept is that 
systems can be constructed quickly and inexpensively by bringing together various 
components. The components can be accessed anywhere and are designed so that they 
link to a system like a “Lego” block. Only the components needed by the user are fitted 
into the newly developed system. The system can change to meet the user’s need because 


the components are “loosely coupled” and can be easily added or dropped. 


WZ 


Object Onented — this is a programming style that concentrates its design on the 
data, or objects [18]. This programming style consists of small classes and methods that 
perform a set of tasks. These small objects are then pieced together to accomplish a larger 
task. This concept is different from older procedural programming where everything was 
done in a step method. A good analogy is to think of the construction of a computer [18] 
from standard components such as memory chips and the central processing unit that are 
manufactured by different companies and can be put together to build a computer. C++, 


Smalltalk, and Java are examples of Object Oriented programming languages. 


is 
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I. RELATED RESEARCH 


“The Warrior needs a fused, real-time, true picture of the 
battlespace and the ability to order, respond and coordinate vertically and 
horizontally to the degree necessary to prosecute the mission in that 
battlespace.””’ 

Joint Pub 6-0 
The explosion of information age technologies has inspired an increased interest in 

the development of military command and control systems. The Department of Defense 
(DoD) embraced these new technologies with the formation of the Defense Information 
Systems Agency (DISA). This organization has led the way in the DoD’s development of 
joint command and control systems. Additionally, each Service has conducted research 
and developed test systems at their level. This thesis will discuss DoD level research, 


Service component research, and finally research being done within the U.S. Special 


Operations Command. 


A. DEPARTMENT OF DEFENSE RESEARCH 

The mission of DISA is “to plan, engineer, develop, test, manage programs, 
acquire, implement, operate, and maintain information systems for C4I (Command, 
Control, Computers, Communications and Intelligence) and mission support under all 
conditions of peace and war” [4]. Most importantly, DISA is the manager of the Defense 
Information Infrastructure (DII) [4]. The Defense Information Infrastructure attempts to 
integrate all DoD communication networks in order to pass information on to the 


warfighter. The main elements of DII are the Defense Information System Network 
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(DISN), the Defense Message System (DMS), the Global Command and Control System 


(GCCS), and the Global Combat Support System (GCSS) [4]. 


The Global Command and Control System (GCCS) provides integration of the 
different command and control systems of DoD and the Services. Its infrastructure is 
made up of UNIX based server and personal computer terminal workstations. These units 
are connected by the Secret Internet Protocol Router Network (SIPRNET), which is the 
secret level of the DISN [4]. The GCCS “system of systems” architecture consists of two 
parts. The first is a set of related databases and the second 1s applications, both of which 
are accessed through servers [5]. One of the application servers acts as the executive 
manager (EM) which offers desktop services and is used as the user interface [5]. The 
applications are in two groups. The first group is the Common Operating Environment 


(COE) and the second group is Mission applications [5]. 


The Defense Information Infrastructure-Common Operating Environment (DII- 
COE) establishes a set of standards for “common support applications and platform 
services” which are needed by the different mission applications [5]. These mission 
applications include the Joint Operation Planning and Execution System (JOPES) —- a 
command and control system currently used to plan joint military operations [5]; the 
Evacuation System (EVAC) — a U.S. State Department system that tracks U.S. citizens 
outside the United States [5]; and the Joint Deployable Intelligence Support System 
(JDISS)- a link to numerous military intelligence sources [5]. The concept of DII-COE 


calls for the military planner to pick the applications he needs for the mission. The support 
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applications that are common to those mission applications are then made into a subset or 
variant for this particular mission. This Common Operating Environment-Variant (COE- 


V) would allow the different systems to interact with each other [5]. 


DISA has also established standards for data. These standard databases are 
essential for the successful use of GCCS. DISA made over 1200 data standards which 


were based on JOPES applications [5]. 


GCCS and the other elements of the DII are all currently being evaluated by the 
Joint Interoperability Test Command (JITC) located in Fort Huachuca, Arizona [6]. As 
the major field operating activity of DISA, JITC provides testing for private industry, 
federal agencies, US and allied military services and the regional CINCs [6]. JITC also 


certifies all Joint systems used throughout the DoD. 


DISA’s research is important to this thesis because it offers the current standard 
that all systems must achieve. Also, any system fielded by USSOCOM would have to be 
evaluated and certified by JITC. Finally, the concept of integrating legacy mission 


applications is one of the goals of this thesis. 


B. SERVICE COMPONENT RESEARCH 


Each Service component 1s working their individual piece of the Global Command 


and Control System (GCCS), as well as their own Service peculiar systems. 


ley 


1. Army 


The U.S. Army’s vision of the future is encapsulated in their Force XXI process. 
The Army has established Joint Venture, which is their reorganization of the Tactical 
Army [7]. They have set up the Army Digitization Office and numerous battle labs to 
develop future concepts and to test technologies[7]. The 4” Infantry Division 
(Mechanized) has been redesigned as the “Experimentation Force” or EXFOR. The 
EXFOR has conducted numerous Advanced Warfighting Experiments (AWE) to test new 
information-age technologies. These AWEs have been conducted at the platoon, 


company, battalion, brigade and even division level. 


The systems being tested by the Army are too numerous to be mentioned here, but 
one of particular interest to this thesis is the Maneuver Control System (MCS). The MCS 
is designed to replace map boards and overlays and to give commanders a picture of the 
battlefield on the computer using an interactive interface [8]. This will allow information 


to be distributed quickly to all levels. 


a Air Force 


The U.S. Air Force Information Warfare Center has the task of digitizing the air 
battlespace. Through documents like the Global Engagement: A Vision for the 21° 
Century Air Force, they have started programs to study future command and control 
systems. The Air Force calls these Battle Management/Command and Control (BM/C2) 


systems. The concept of these systems is the same as the Army’s, which is to provide 
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future joint commanders with real-time information allowing them to control and execute 


all air and space missions [9]. 


5. Navy 


The U.S. Navy has approached the future with equal vigor. They have established 
the Fleet Information Warfare Center and have conducted Fleet Battle Experiments 
(FBE). The Navy has also taken steps to standardize their information technologies (IT) 
with IT-21. IT-21 will move all of their computer systems to Windows NT operating 
systems. This is important because the system designed here will have to work with 


Windows NT. 


Other Navy research projects of interest to this thesis are the Tactical Decision 
Making Under Stress (TADMUS) program which is sponsored by the Office of Naval 
Research. This is a system that integrates command and control information and attempts 
to aid in the decision making process. This system displays map-based information needed 
by the naval commander. Another system of interest is the Enhanced Common 
Operational Picture (ECOP) which is a map-based system, written in Java, that displays 


information with overlays [10]. 


4, Marines 


The U.S. Marine Corps is working closely with the Navy and its systems; but, they 
are also testing a system of particular interest to this thesis. Stanford Research Institute 
(SRI) International, a private company, has developed a system called InCON® [11]. SRI 


claims it is a “wireless, portable information management system” [11]. It is map-based, 


A 


written in Java, and runs with a CORBA server. It is also platform independent. The 


Marines are testing this system through their URBAN Warnor concept. 


This system is of interest to this work because it has a similar design and 
architecture. It takes advantage of Java’s platform independence and Common Object 


Request Broker Architecture’s interoperability. 


G. USSOCOM RESEARCH 


There are several current research projects within the U.S. Special Operations 
Command. The Common Operational Modeling, Planning, and Simulation Strategy 
(COMPASS), which is actually sponsored by the Defense Modeling and Simulation Office 
(DMSO), is an attempt to bring distributed planning and modeling and simulation 
together. The COMPASS system interacts with command and control systems by shared 
“geo-registered and pixel-based” data [12]. It is map-based and allows the transfer of 
messages from various commands through video teleconferencing (VTC). This system 
was tested during Roving Sands 97 (the annual Joint Operations Interoperability exercise 


conducted by JITC after nomination by USSOCOM) [13]. 


Another system of interest is the Information Operations Planning Tool (IOPT) 
being developed by USSOCOM (J-2) [14]. This is a system that integrates intelligence 
and other information needed for planning. It is of interest because it is written in Java 


and will run with a CORBA server. 
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The final system of interest is the Special Operations Forces Planning (SOFPLAN) 
being developed by BBN corporation for the Joint Special Operations Command (JSOC) 
[15]. This system is written in Java and designed for laptop PCs using a Local Area 
Network (LAN) or airborne assets [15]. The SOFPLAN creates a visual Synchronization 
Matrix that allows the planner to integrate several players on the same timeline. The 
system then translates the Synchronization Matrix to an Execution Checklist which allows 


the commander to track events as they happen. 


The research being conducted by members of USSOCOM, the Service 
components, and DISA are all designed to help the warfighter. The systems developed 
have common themes of interoperability, distributed networks, and map-based data 


references. The system developed in this thesis is based on the same characteristics. 
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IV. DESIGN 
“Operations research is a scientific method of providing executive 
departments with a quantitative basis for decisions regarding the 
operations under their control.” 
Morse and Kimball [16] 

New technological capabilities have enabled the design of an open technical 
architecture that will meet the requirements of USSOCOM. A review of these 
requirements is followed by a description of this architecture and overall system structure. 
A planning and analysis system has been constructed for this thesis as a proof-of-concept. 
This system serves as a technical demonstration of the overall system’s capabilities and 
helps validate the open architecture. This proof-of-concept is focused in scope, simple in 
nature and certainly does not demonstrate the total potential of these new technologies 


and the architecture. This chapter ends with a detailed discussion of the system’s potential 


to include capabilities not implemented by the technical demonstration. 


A. SYSTEM REQUIREMENTS 


This system was designed to meet the particular requirements of USSOCOM. The 
entire future Armed Forces, not just Special Operations Forces, will need similar systems. 
The system’s requirements include the capabilities to: run on any computer hardware, be 
distributed to actors at all planning levels, and be flexible enough to change for each 
situation (including unanticipated situations). In addition, this system should be 
extensible. The planning and analysis system’s technical architecture should be capable of 


extending itself to run simulations, incorporate OR tools and other forms of analysis. This 
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would allow such a system to be the comerstone of the MPARE concept. Finally, the 
system should include the information management capabilities that make automated 


systems so valuable. 


B. TECHNICAL ARCHITECTURE 
1. Loosely Coupled Components 


The architecture for this system is based on the use of “Loosely Coupled 
Components” championed by Dr. G.H. Bradley and Dr. A.H. Buss, both of the Naval 
Postgraduate School [3]. This architecture builds planning systems by integrating various 
components as required in a highly flexible manner. Examples of these components 
include maps, situational overlays, analytic algorithms, or any other tasks needed for the 
system’s proper functionality. The planner assembles these separate components to build 
a system that meets his immediate needs. This concept of flexible system construction is 
different than most systems built at the larger application level. By building systems from 
the smaller component level, planners are afforded systems that are more flexible, 


extensible, and responsive. 


2: Component Interface 


These components may be located anywhere on a computer network. This 
network may be the SIPRNET, a Global net, or an intranet established for a particular 
mission. The planner either establishes links to these components remotely or downloads 
them onto a computer. The fundamental element in this system is the component 


interfaces. Each component has an interface that explains what the component does and 
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how the component is activated. The planner does not know and does not need to know 
how the component works internally. This same interface will also contain a standard 
protocol that will enable different components to communicate. Two types of interfaces 
for component algorithms are described in [3]. These include the local execution interface 
— where the algorithm is downloaded over the network and executed on the planner’s 
computer using the data stored locally; and the remote execution interface — where the 
algorithm reads the data over the network from the planner’s computer and sends a 


solution back [3] 


3: Network-Based Technologies 


This architecture makes full use of the network and new network-based 
technologies. The planning and analysis system can be built by components accessed over 
the global web/object web. The data, maps, algonthms needed by planners can also be 
retrieved or distributed via a network. An essential tool in this network-based architecture 
is the Java programming language. This language is perfect for systems that may have 
different computer platforms integrated on a network. Components that are written in 
Java will be able to operate anywhere. This will make such components easier to 


download onto a planner’s system and easier to distribute to other computers. 


This architecture does not require all components to be written in the Java 
programming language. Components not written in Java may be accessed and distributed 
by the Common Object Request Broker Architecture (CORBA). CORBA develops a 


common interface among different languages and allows components to become 
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distributed objects on a network. This will allow parts of legacy applications on systems 


written in other programming languages to be integrated into new systems. 


The combination of the new technologies of Java and CORBA make this 
architecture extremely powerful. New systems can be built from components retrieved 
from anywhere on a web. These components can be wntten in Java and accessed with a 
local execution interface or written in another language and used with a remote execution 
interface. The components could be new or parts of legacy applications on systems that 
are accessed through CORBA. The new technologies inherent in this architecture create a 
flexible, distributed, extensible system that can leverage legacy systems and meet the 


specific needs of the planner. 


C; DEMONSTRATED CAPABILITIES 


A simple planning and analysis system was developed as a proof-of-concept of the 
architecture described in this thesis. The system is designed to distnbute planning 
elements to different hardware platforms through a network. The planning system 
displays a map of the operational area. The map ts simply brought into the system and the 
planning and analysis system then allows overlays to be added to this map. These overlays 
can be of the enemy situation, fnendly situation, or any other element of information 
needed for the mission. The system also has the ability to manipulate the display. The 
map can be faded or dissolved to better display the overlays and other information entities. 
Finally, to illustrate the architecture and the importance of OR in planning, this planning 


system reads a graph from the display and executes a shortest path algorithm. This entire 
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planning and analysis system is comprised of several integrated individual components. A 


further explanation of this system is included in Appendix B. 


This simple, austere system was designed to demonstrate new technological 
capabilities and validate the architecture. These capabilities stem from both the 


programming language and the architecture. 


1. Platform Independent 


This program is written in a recent version of Java. In previous versions of Java, 
the Alternative Window Toolkit (AWT) created all of the Graphic User Interface (GUI) 
elements. This AWT yielded a GUI that worked correctly, but looked different on 
different operating systems. The new version of Java, with a new GUI package called 
“Swing”, creates a GUI that looks the same on all operating systems. In other words, the 
system will have the same look running on an Apple PowerBook G3 as it will on a 


Compag running Windows NT. 


The benefits of platform independence are enormous. First of all, designing a 
system for a particular computer chip is risky. The growth in technology is so fast that a 
powerful computer today may be a good doorstop two years from now. Additionally, it is 
unreasonable to assume that all the diverse players involved in a special operations mission 
would be using the same hardware or even operating system. Moving all services to 
computers and one operating system, like the U.S. Navy is doing with IT-21 (moving 
everyone to Intel-chips running Windows NT), may be the solution for a particular 


service; but, this would be difficult to support outside of that particular service. It is not 
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realistic to expect the Army, Air Force, CIA, State Department, Red Cross, Doctors 
without Borders, UN, and every country SOF will ever work with to move to one 


common platform. 


A final benefit of platform independence 1s one described by T.R. Halfhill in BYTE 


magazine [17]: 


A virtual platform such as Java is cross-platform not only in the 
horizontal dimension, but also in the temporal dimension. No matter what 
new platforms appear, only the JVM [Java Virtual Machine] and native 
compilers will have to be ported-not the applications. 
This has significant implications for the military. The millions of lines of code in use by 
the military today would have to be rewntten or changed, recompiled, cross-compiled and 
ported for more advanced computer systems if traditional methods are used. The 
programs that run on a PC or a laptop today may need to nin on a cell phone or small 
hand-held device in the future. The ever-evolving computer technology gives little clue as 
to what will be the ideal computer in the military of the future. Regardless, unlike 
programs written in other programming languages, programs written in Java would not 


have to be rewritten to fit the new computer. Only the JVM would have to be configured 


for each new piece of hardware. 


2 Distributed 


The planning and analysis system has the capability to distribute through a web to 
several dispersed operators. The Java programming language makes this distnbution 
possible. Java has been called the “language of the Internet” because it has the ability to 


Open and access objects and files across a network. Java also has a large library of 
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routines to deal with the protocols of the Internet [18]. Combining the network 
capabilities of Java with a CORBA client/server allows access to information or objects 
from other systems. This allows the user to pull information from various sources on the 
network. This system can read maps and situational overlays from files located on the 


local hard drive or somewhere else on the network. 


A distributed planning and analysis system is very advantageous. Information can 
be pushed down to operators or pulled by the operator. For example, a map of the area of 
operations, used as a basis for the planning, could be accessed over the network and then 
distributed to all planners involved with the particular mission. In addition, other maps or 
intelligence products could be obtained and distributed. The intelligence information of 
the enemy situation could be accessed from a database and sent to another unit located 
miles away. Additionally, mission orders could be issued through the distributed system. 
This would relieve the commander of the often impossible task of collecting a 


heterogeneous, dispersed force together for a planning session. 


3. Extensible 


The system is extensible because of both the Java language and the “loosely 
coupled components” architecture. Java is an object oriented programming language and 
as such its tasks are done by objects or components. The systems architecture integrates 
these components. The components may work together or they may work alone [3]. The 
components have their own individual task that is different than the other components. 


The premise of this architecture is that the inner workings of these components is not 
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important to the user, only the way the component interfaces is important. These 
components can be obtained from anOeheiS and pieced together to build the system 
needed. 

In the demonstration proof-of-concept, the components are the map component, 
the overlay components, and the network algorithm component. These components could 
have been pieced together anywhere. An analyst could have built this planning and 
analysis system by knowing what components were needed for this particular mission and 
how these individual components interacted with each other. 

This extensible system has great advantages. First of all, it is flexible. The 
components can be added or dropped from the system as needed. This allows the system 
to be dynamic. It can change for different situations. For this planning and analysis 
system, the scenario calls for a network interdiction. The shortest-path algonthm 
component was added to this system because it proves valuable to the military planner for 
this scenario. This flexibility increases when the components are accessed over the 
network. 

The web also provides an additional advantage for this extensible system. Only the 
components needed would be accessed over the network. This creates the “thin client”. 
The user only retrieves the data and applications needed to accomplish the mission. This 
keeps his computer free of excess data and information. This “thin client.” is especially 
appropriate for small, hand-held computers that might be used by SOF. By having the 
ability to access only the components needed, the operator’s small computer has all the 


capability of the network’s computers. 
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Another benefit of extensibility, is the ability to reuse components [3]. This allows 
components to be shared among various military planning systems. Rather than running 
an entire program just to get to the one capability needed, the components of one system 
can be taken out and embedded in another system. This is similar to building a custom 
stereo system from separate standard components. A CD player or speakers from one 
system can be added to another by simply installing the one component, not the entire 
system. This concept will lead to a decrease in large, expensive planning and analysis 
systems and an increase in smaller, more efficient, flexible components. 


4. OR Tools Integrated 


The integration of OR tools is made possible by the system’s extensibility. The 
friendly, enemy, and road network overlays are read in as a graph. A shortest path 
algorithm is added as a component. This algorithm reads the data from the graph and 
finds the shortest path from each enemy location to the objective. This information is 
helpful to a planner who wants to know which enemy position poses the greatest threat. 
This OR tool was added to demonstrate the loosely coupled components extensible 
architecture, moreover it shows the importance of OR tools in the planning process. 
These analytical tools are usually left out of planning systems because they are 6 difficult 
to integrate, too complex for the user to implement, or too slow to be useful for military 
operations. This architecture allows analysts and planners to integrate OR analytical tools 
when they are needed, creating a planning and analysis system. These tools are 
components that can be accessed to meet the immediate needs of the particular mission. 


This can be done at several levels throughout the planning process, thereby allowing more 
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planners, analysts, and operators to take advantage of the powerful capabilities of 


Operations Research analytical tools. 


a Security 


This planning and analysis system demonstrates just one simple way to transmit 
data securely. A software steganography program was used to show how data could be 
transferred. Steganography is the technique of concealing files in some other form of data. 
This program allows files, such as the enemy situation, to be concealed in computer 


picture files. This technique will be discussed more fully in the next chapter. 


6. COTS 


This system was developed entirely with software and hardware that is 
Commercial-off-the-Shelf technology. These technologies are both widely available and 


relatively inexpensive. This allows for systems that are easy to develop and distribute. 


D. SYSTEM POTENTIAL 


Due to time constraints, this proof-of-concept was not able to technically 
demonstrate all the potential capabilities of a system such as this. The features already 
demonstrated should prove extremely valuable to USSOCOM, military planners, and 
analysts in general; however, there is the possibility of even more benefits. None of the 
potential capabilities of this system described below are inconsistent with the present 


architecture. 
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1. Object Web and Legacy Systems 


There are several planning systems that are currently being used in USSOCOM. 
The SEALs have the Special Warfare Mission Planning System (SWAMPS), the Air Force 
has the Special Operation Forces Planning and Rehearsal System (SOFPARS) which 
consists of a UNIX based Mission Planning System (MPS) and a PC based Portable Flight 
Planning System (PFPS) using Falconview. The Army has Maneuver Control System 
(MCS) which is an offshoot of GCCS. Currently, the CORBA can leverage some aspects 
of each of these systems. CORBA takes the components or distributed objects from these 
systems and allows them to interact and discover each other [19]. Most of the success in 
this area has been the access and distribution of data. The distribution of certain types of 
images and other more complex components is more difficult and has not yet been 


accomplished successfully. This is a functionality of CORBA that requires more research. 


The interfaces needed to get the components together are defined by the 
component’s Interface Definition Language (IDL). The IDL is an operating system and 
programming language independent interface that allows the programmer to interface with 
components in the computer language he is using. Currently there are IDLs for C, C+, 


Ada, Java, and Smalltalk (COBOL and Objective C are on the way)[19]. 


CORBA should be able to access some of the databases in the current inventory of 
USSOCOM planning systems. For example, if the Air Force has a good set of data on 
airfield drop-zones, which they do in Falconview, this component of their program could 


be distributed through a client/server relationship on an object web. The SEALs or the 
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Army could access this particular data and use it for their system. This is an exciting 


concept that is made possible by this architecture. 


a Collaboration 


The Java language and CORBA servers could easily support collaborative 
planning. The information from one computer terminal could be sent to another. For 
example, a flight plan developed by the Air Force on one computer could be sent to their 
potential passengers who were located elsewhere on a network using a different computer 
system. This would allow the real-time vertical and horizontal planning needed for time- 


sensitive missions. 


3. Simulation 


The system could incorporate modeling and simulation into the planning process. 
The same information that helped develop the plan could translate into a simulation. The 
base map used as the centerpiece of this planning tool can be changed to a Digitized 
Terrain and Elevation Data (DTED) map. This would give greater detail on terrain and be 
more beneficial to the ground operators. Some level of DTED is needed for most 
simulations. The planning system could incorporate components that would extract the 
information needed to run a conventional, high-end simulation like JANUS or it could 
integrate a Monte Carlo component. Such a component would allow Monte Carlo 
simulation with little additional effort. The Monte Carlo model would be general enough 


that the interface would only want to know which parameters would need to be randomly 
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generated with which probability distributions using prescribed transformation methods. 


This would give the planner another OR analysis tool with which to evaluate the plan. 


4. Security 


Some conditions of security have been demonstrated and more will be discussed 
later; however, this system has security aspects that are worth mentioning here. The Java 
programming language was developed with a great deal of consideration for security [18]. 
A Java program cannot disrupt memory outside of its operating space and it cannot 


overrun its run time stack [18]. This makes Java programs far less vulnerable to viruses. 


a: Miscellaneous Components 


The extensibility and flexibility enabled by the system’s design allow growth. This 
system can add components that would give it the different capabilities desired by diverse 


planners. 


The planning system could incorporate OR analytical tools other than simulations 
or shortest path algorithms. These could include linear or non-linear programs as well as 
other statistical methods. This would be beneficial to the planner or analyst using the 


system. 


The system could incorporate a better messaging procedure between dispersed 
users. This could be in the form of white-board messaging or Video Tele-Conferencing 


(VTC). The components that have this functionality would simply be added to the system. 


Information management tools could be added to this system. These could include 


an operational order template which would speed up the writing of the operations order; 
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an intelligence folder which could hold photographs, blueprints, or other detailed data 
needed for planning; or briefing formats, which could allow planners to more easily brief 
their plan to operators or commanders. These information management tools could be 
added to this system easily, and would take advantage of the capabilities of automated 


systems. 


The planning system developed for this thesis does not have sufficient capabilities 
to make it an operational system. Its value is in the validation of its architecture and 
demonstration of its technological capabilities. These reveal the true potential of the Java 
programming language, CORBA, and use of Loosely Coupled Components architecture 
to build planning and analysis systems. It is the potential of these systems that provides 
the most gain to USSOCOM and should provide significant help with the development of 


their MPARE program. 
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V.. SECURITY 


An underlying yet preeminent concern with such systems is security. Automated 
systems such as this suffer from two types of threats. They can be categorized as external 
and internal. External threats are those that harm the actual hardware of the system. 
These threats can come in different forms but their common link is the damage they do to 
the actual computer hardware. Internal threats are those that can harm the software or 
network of the system. These threats leave no physical mark; but, they do disrupt the 
inner workings of the computerized system. Both threats are probable in the foreseeable 


future and should be addressed in any credible study of this kind. 


A. PROBABLE THREATS 


Joint Vision 2010 states that the enemy of the future will come from a broad range 
of potential adversaries [1]. This is best illustrated by looking at the probable threats to 
information systems. The external threats to such systems come from large, expensive 
devices that can only be expected from technologically advanced states or state sponsored 
terrorists. The internal threats can come from a wide range of actors and are far more 
pervasive and ubiquitous. These threats are inexpensive, require little overhead, and can 
be fielded by advanced countries, terrorist groups, small groups, and even individual 


hackers with no large sponsorship. This wide range of threats makes security a vital issue. 


o/ 


be External 


External threats, or threats that damage the actual computer hardware, currently 
come from two major sources. The first is High-Altitude Electro-Magnetic Pulse (HEMP) 


[20]. The second is High Power Microwave [21]. 


a) HEMP 


HEMP is a nuclear explosion at a high altitude. The explosion does no 
large structural damage and because of its height will not kill anyone. However, the 
explosion does produce a large Electro-Magnetic Pulse (EMP) which transmits a huge 
amount of electricity through the atmosphere. The descending electrical cloud sends EMP 
through all electrical systems within some effective radius based on the yield of the 
munitions. This creates an overload or surge of electricity that overheats circuits and 
destroys unprotected electrical equipment. Computer systems with sensitive circuits are 
particularly vulnerable. The threat of HEMP can only be expected from a small number of 
nuclear-capable enemies. The threat is somewhat improbable because of the enormous 
expense and risk; but, in a high-intensity conflict with a nuclear-capable enemy, HEMP 


could become a viable option. 


b) High Powered Microwave 


High Powered Microwave is similar to HEMP in that a large amount of 
electricity is directed toward sensitive automated equipment, but is directed by powerful 
microwaves instead. This is a highly sensitive, very classified topic area that requires no 


further discussion be undertaken in this paper. The probability of encountering such 
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weapons is quite limited due to the expense and very limited availability of these 


platforms. Regardless, systems still should be protected against such a threat. 


22 Internal 


Internal threats are much more likely and therefore more dangerous. These threats 
come in several forms. These include inserting false data or viruses into the systems, 
stealing valuable data or programs from the system, or manipulating the performance of 
the system [22]. Internal threats are a danger to civilian and military systems alike. 
Internal attacks of computer systems have occurred numerous times throughout the 
history of such systems. These attacks can come from sophisticated, well-sponsored units 
as well as from unaffiliated individuals. It 1s attacks of this form, on the inner workings of 
the system, that are the most probable, harder to detect, and strike the most fear in the 


operators of automated military planning systems. 


B. POSSIBLE RESOLUTIONS 


There is no certainty when trying to find resolutions to the security problems of 
information systems. The resolutions are more like coping strategies. This is a well- 
researched and well-financed field of study. This thesis will discuss only the resolutions 


that are applicable to military planning systems. 


1. External 
The best defense against the external threats of HEMP or High Powered 
Microwave is the hardening of computer systems. This would require that the hardware 


used for such systems would need to be protected by surrounding all components with 
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metal. These metal covers must completely encapsulate the hardware system [20]. This is 
a very expensive process, especially when considering the number of COTS systems that 
would need this protection. Another option is to keep replacement parts available. These 
parts would remain in a protected area until needed [20]. Both HEMP and High Powered 
Microwave attacks are short-lived. The damaged parts of the system could be replaced 
after the attack. This again is expensive. A detailed analysis must be done for each 


situation weighing the probability of attack versus the cost of protection. 


2 Internal 


Internal defense must be conducted without question. Again, these defenses are 
not perfect, but should provide enough protection to accomplish the mission. The threats 
of inserting viruses and manipulating the performance of the system are dealt with by 
limiting access to the system. Discretionary Access Control (DAC) policies are used to 
permit or deny users to access a system [23]. These policies include password schemes, 
permission bits, and access control lists [23]. Password schemes give a password to every 
file. This requires users to know the password for each file they want to access. This is a 
logistical nightmare; but, it makes it more difficult for hackers to access protected files. 
Permission bits assign read, write, and execute permission for each file to individuals and 
groups by placing particular bits before each file. This is also difficult to manage; but, it 
secures access to systems and is very difficult to crack. Capability lists are similar in that 
they assign owners of files and allow the owner to determine who has what capabilities 


(read, write, execute) for each file. These policies protect files and limit access to the 
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overall system. This makes such systems less vulnerable to viruses and less likely to fall 


out of the control of the proper users. 


Systems such as this are vulnerable to malicious software [23]. This type of 
software, called a Trojan horse, performs one function openly, but secretly performs 
malicious functions. The best way to combat such software is to limit the amount of new 


software allowed on the system. 


The threats of false data or stolen data can be combated by Cryptography and 
Steganography [23]. Cryptography is using encryption to encode messages and conceal 
text. This is an ancient military art and there are several encryption algorithms. The most 
popular forms of encryption for computer systems involve the use of public and private 
keys. Keys are cipher algorithms that use complex mathematical formulas to translate text 
into encoded text. Everyone with access to the internal network knows the public keys 
but only the individual knows his private key. The private keys are mathematically linked 
to the public keys. Ideally, all message traffic would be sent with private keys known only 
to both sender and receiver; however, this is too costly. The more times a key is used, the 
easier it is to decipher. This requires private keys generally be changed frequently and this 
is not an easy process. It requires a great deal of effort to get a new private key to both 
the sender and receiver on a frequent basis. To send a secret message with a public key, 
the sender encrypts the message with the receiver’s public key. The receiver then decrypts 
the message with his private key. There is a problem with this system. Although the 


message is secret, since only the receiver has the private key, it is not guaranteed to come 
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from the correct sender. Everyone has access to the public key so that anyone could have 
sent the message; therefore, the message could be deceptive. If the sender encrypts the 
secret message in his own private key and the receiver decrypts the message with the 
sender’s public key, the receiver is assured the message came from the correct sender, 
since he is the only one with the private key. However, since everyone on the network has 


access to the public key, in this case, the secrecy of the message 1s lost. 


The solution for both authenticity and secrecy, without resorting to the overuse of 
private keys, 1s to use a mutually available hash function to encrypt and decrypt messages. 
The sender sends two messages, one encrypted by the receiver’s public key and one 
encrypted by the hash function and then the sender’s private key. The receiver then 
decrypts the sender’s private key message with the sender’s public key. He also uses his 
own private key to decrypt the message encrypted by his own public key. The receiver 
then takes this message and encrypts it with the mutually available hash function. The 
receiver then nies his hash function message with the sender’s hash function message 
to see if they are the same. If they are, then the secret message must have come from the 


correct sender and is legitimate [22]. 


The Java programming language has a cryptography toolkit; called the Java 
Cryptography Extension (JCE), that makes a set of application programming interfaces 
(APIs) for advanced software encryption technologies. This is algorithm-neutral which 
allows any producer of cryptography software to integrate their systems easily with these 


APIs. This JCE has the public/private key agreement technology and allows the secure 
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transfer of data across platforms and across protocols. In addition to encrypting data and 


information, this toolkit also allows objects or components to be encrypted [25]. 


Steganography is another ancient military art revamped for the information age. 
This is the ability to hide messages in the context of other traffic. Steganography offers 
the capability of concealing files in other forms of data. Digital data is by far the easiest to 
use for hiding scanned images and sound samples [24]. The key here is the fact that the 
enemy is being fooled as to what is the true data being sent. Steganography takes the least 
significant bits from a scanned image or a sampled sound and replaces those bits with the 
data that is being hidden. Several types of algorithms systematically remove and replace 
these least significant bits, which distorts the picture or sound a little. However, the 
distortion is so small it is not noticeable. The enemy is fooled into believing that the 
scanned image or sound 1s the message being sent, when in reality the true message is 
hidden within. The receiver, with an appropriate password, can run the same algorithms 
to reveal the true message. This is a very effective way of sending messages secretively. 
Steganography combined with encryption is a very secure way of transmitting data on a 


network. 


The security of any military system is an essential concern. This concern is even 
more vital when the system is computerized and subject to unusual and dangerous threats. 
There are no sure bet defenses against these threats; but, there are several coping 
strategies that alleviate much of the concern and allow automated, military systems to 


function well enough to accomplish the mission successfully with manageable risk. 
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VI. CONCLUSION 


This thesis provides the architecture for development of a planning and analysis 
system that would meet the unique needs of USSOCOM. A viable system for special 
Operations must be able to operate on any type of computer hardware, distributed to 
operators dispersed throughout the area of operations, and flexible enough to meet the 
unpredictable situations encountered during SOF missions. This architecture, based on the 
loosely coupled components idea and enabled by new network-based technologies, 


provides the required capabilities. 


A proof-of-concept was constructed to technically demonstrate these capabilities. 
This demonstration involved the construction of a simple planning and analysis system that 
involved the integration of several components. This demonstration helped validate the 
architecture. This architecture also supported a planning and analysis system that 
integrated Operations Research analytical tools, addressed system security, and used 


widely available Commercial-Off-The-Shelf technologies. 


Consistent with this system architecture is the use of Common Object Request 
Broker Architecture (CORBA) to leverage some aspects of legacy systems. In particular, 
the databases of such systems can be accessed. The interoperability of the systems overall 
is still being researched. This system could also allow collaboration among planners that 
were connected via a network. Another extension of this system, in total compliance with 


the architecture, is modeling and simulation capabilities. 
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Security of this system is a major issue and must be integrated fully into the design. 
The threats confronting automated systems in the information age are far ranging and very 


dangerous. Many strategies are available to help combat these threats. 


The architecture and the proof-of-concept demonstration should provide a good 
basis for the future development of military planning and analysis systems. In particular, 
this thesis should give USSOCOM’s MPARE program a good basis to build upon. The 
ideas of building an extensible system by integrating components and leveraging legacy 
systems are fundamental to meeting the needs of the MPARE system. Incorporating OR 
analytic tools such as those demonstrated 1s especially important. The system architecture 
developed in this thesis provides the foundation for a platform independent, distributed, 
extensible planning and analysis system that will meet the needs of the Special Operations 


Forces of today and potentially all of our Armed Forces of tomorrow. 
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APPENDIX A. OPERATIONAL SCENARIO 

This special operations scenario was developed to illustrate the capabilities of the 
technical architecture and possible applications of the planning and analysis system. Even 
though this scenario appears to be based in actual operational areas, it is totally notional 
and should remain unclassified. This scenario is based on an area of operations in Bosnia. 
A Joint Special Operations Task Force (JSOTF) has been formed and is headquartered in 
Italy. 

TASK ORGANIZATION - The JSOTF has the following forces: 

1 x JSOTF Headquarters (HQ) fully staffed located at an airbase in Italy 

1 x SEAL platoon aboard ship in the Adniatic 

3 x Special Forces (SF) Coalition Support Teams in Bosnia. 

3 x United Nations (UN) Peacekeeping Forces 


1 x Special Operations Aviation Detachment (SOAD) located at an air base in Italy 


The layout of forces is as follows: 





Figure 1. Position of Special Operation Forces 
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SITUATION: A Serbian Radar site is tracking UN aircraft and needs to be 
destroyed. The site is in the vicinity of several truck-mounted Serbian forces. The 


Serbs can be expected to defend the site if they believe it is in danger. 
MISSION: The JSOTF will conduct a raid into Bosnia to destroy the radar site. 


CONCEPT OF THE OPERATION: The plan is simply as follows — the SOAD 
located in Italy will pick up the SEALs with 3 x MH-54 helicopters. They will fly the 
SEALs to the radar site. The SEALs will emplace demolition charges, destroy the 
radar, and return to the ship via helicopter. The SF and UN forces will move 
discretely to establish blocking positions on the roads between the objective and 


Serbian forces, thereby isolating the objective. 


PLANNING HARDWARE AND CONNECTIVITY: The operators involved in 


this mission have a large variety of computer hardware, as shown in Figure 2. 
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Figure 2. Distributed Planning Computer Platforms 
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AREA OF OPERATIONS: The following 1:50,000 map shows the area that will be 


used for this operation. 





Figure 3. Area of Operations 


This scenario shows the very real possibility of planning and conducting a mission with 
very diverse forces, dispersed over a large area of operations, working on different 
computing platforms. To plan a mission such as this the planning system must be platform 


independent, distributed, extensible, and flexible. 
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APPENDIX B. MAP-BASED PLANNING SYSTEM 


This is a simple walk through of the map-based planning system developed to 


validate the architecture. The name of this system is Special Operation Forces/Loosely 


Coupled Components (SOFLCC). 
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Figure 4. The standard system. This is SOFLCC running in Windows 95. The map is 
the area of operations which was imported into the system. 
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Figure 5. Sun System. This is the same system running on a Sun workstation. The new 
version of Java gives the same look and feel for each platform. 
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Figure 6. Adding Overlays. To add overlays to the map, click the “Add a New Overlay” 
icon. 
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Figure 7. Overlay Dialogue Box. The overlay dialog box gives a choice of overlays. 
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Figure 8. Overlay Files. The system allows the planner to get the overlay from 
anywhere. In this case it comes from the hard drive, but it could easily come from any 
network site. 





DS 





Di Print (Restore) Dissolve Reverse Fade |Hide| 
‘2, . a d wal NB. io 3 f i 
é ~ Ee es 
8 og : ‘4 J eo Ves ‘. ai a m on 
\. , - oak. = Ao a” [a ee 
Ly ey ZAIN 


4 / \ 
SS on (i n % a ( 
ele } 
Zion AK TES! ig 
& =] 


Ls 


‘ Sa 
f wee 
ATT 
+e 


Be 
y eo 





IN35° 14'058.3" Wwo80" 99' 055.5" 


FOF 2PM 





AStart| _& |Microsoft PowerP._| AJ Exploting - C:ALo... | BBB JAVA | 


Figure 9. Enemy Situation. SOFLCC now displays the retrieved enemy overlay. 
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Figure 9. Enemy Situation. SOFLCC now displays the retrieved enemy overlay. 
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Figure 10. Live Nodes. A key point with SOFLCC 1s the images are not just mere icons 
but they are actual nodes. These nodes have properties that are essential to the military 
planner. 
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Figure 11. Other Overlays. SOFLCC now displays the friendly situation and road- 
analysis overlays. The military analyst can add as many overlays as are necessary for 
the planning process. 
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Figure 12. Hide Overlays. These maps have a tendency to become crowded, so 
SOFLCC has incorporated the ability to remove overlays. In this case the friendly 
overlay has been hidden. 
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Figure 13. Network. The road intersections can be connected to the enemy nodes to 
create a graph network. In this scenario, a military analyst has constructed this network 
from the various overlays. The military intelligence analyst wants to determine the 
shortest path from each enemy node to the objective. The commander of this operation 
wants to afford the most time on the objective for the SEALs. He will want to use the SF 
and UN forces to establish road blocks. Obviously, the commander will want to block 
the enemy that can get to the objective in the shortest amount of time. 
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Figure 14. The military analyst has found a network algorithm component and has added 
it to the SOFLCC planning and analysis system. The architecture has allowed him to do 
this. The algorithm component will have its own graphic user interfaces (GUI) and will 


guide the analyst through the input of data. 
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Figure 15. Network Algorithm Component. In this particular case, the algorithm 
component offers the possibility of running different types of algorithms. 
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Figure 16. Algorithm Description. This algorithm component includes a brief 
description and instructions. 
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Figure 17. Algorithm Complete. The algorithm is complete and the results are now 
posted in the properties list for each node. 
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Figure 18. Information Display. The algorithm has determined the minimum travel time 
for each enemy node to the objective. This information has now been added to the 
properties list for each enemy node. Additionally, each arc or road properties list has the 
number of times each arc has been used. This information would tell the military analyst 
which roads were used the most and which enemy could get to the objective in the 


shortest amount of time. 
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Figure 19. Other Algorithms. The information already displayed can help the 
commander of this operation determine where to emplace the friendly forces in road 
block positions. Additional OR algorithms could be added to the SOFLCC system to 
assist the military analyst. 


"$A Start | _S} Microsoft PowerPoint - {... 


66 








[1] 


[2] 


[3] 


[4] 


[3] 


[6] 


[7] 


[8] 


[9] 


[10] 


[11] 


[12] 


LIST OF REFERENCES 


Chairman of the Joint Chiefs of Staff. (1996). Joint Vision 2010: America’s 
Military: Preparing for Tomorrow, 5126 Joint Staff, Pentagon, Washington D. C. 


Commander in Chief, United States Special Operations Command. (1996). SOF 
Vision 2020, MacDill, Air Force Base, Tampa, FL. 


Bradley, G.H. and Buss, A.H. (1998). An Architecture for Dynamic Planning 
Systems Using Loosely coupled Components. Technical Report, Naval 
Postgraduate School, Monterey, CA. 


Defense Information Systems Agency. (1998) “Mission and Mandate,” 
http://www.disa.mil/missman html. 


Chairman of the Joint Chiefs of Staff. (1996) Global Command and Control 
System, Joint Staff, Pentagon, Washington D. C. 


Joint Interoperability Test Command. (1996). General Information and Defense 
Information Infrastructure (DII) Distributed Test Network. [Brochure] Fort 
Huachuca, AZ. 


Secretary of the Army. (1997). Force XXI: America’s Army in Transition, U.S. 
Army Training and Doctrine Command, Fort Monroe, VA. 


Spooner, Socorro. (1998). “Soldiers and commanders benefit from new 
technology,” 14" Public Affairs Detachment, http://www- 


tradoc.army.mil/pao/newtech.htm, May 1998. 


Chief of Staff, U.S. Air Force, “Global Engagement: A vision of the 21° Century 
Air Force,” http://www.af-future.hq.af-mil/21/nuvis.htm, January 1997. 


DTAL, Incorporated, “Enhanced Common Operational Picture,” 
http://mycroft.nosc.mil/v2/ECOP, February 1998. 


Seaton, S. and Arnold, J. (1998). InCON A New Generation of Tactical 


Command and Control from SRI International. SRI International, Menlo Park, 
CA. 


McSwain, D.W., CDR. (1997). COMPASS Project. Naval Research and 
Development Center, San Diego, CA. 


67 


[13] 


[14] 


[15] 


[16] 


[17] 
[18] 


[19] 


[20] 


[21] 


[22] 


{23] 


[24] 


[25] 


NCCOSC RDT&E Division. (1997). Common Operational Modeling, Planning 
and Simulation Strategy, Post Exercise Report for SOCOM Support for Roving 
Sands 97 Command Post Exercise, 14-25 April 1997. San Diego, CA. 


Air Force Information Warfare Center. (1997) Information Operations Planning 
Tool Development Status (Program Status Report). Kirkland AFB, NM. 


Defense Advanced Research Projects Agency. (1998). Special Operations Forces 
Planning (SOFPLAN (TIE97-3)). APRI Demonstrations May 6-8, 1998 
[Brochure]. Monterey, CA. Major D. E. Dyer. 


Morse, P. and Kimball, G. (1951). Methods of Operations Research , John Wiley 
and Sons, New York. Taken from article by Washburn, A. (1996). The Teachers’ 
Forum: The Operations Analysis Curriculum at the Naval Postgraduate School. 
Interfaces, 26, 71-80. 





Halfhill, T. R. (1998). How to Soup up Java, Part I. BYTE, 60-74. 





Cornell, G. and Horstmann, C.S. (1996). Core Java. Mountain View, CA: 
SunSoft Press. 


Orfali, R., Harkey, D., and Edwards, J. (1997). Instant CORBA. John Wiley and 
Sons, New York. 


Edwards, Sean J. A. (1997). The Threat of High Altitude Electromagnetic Pulse to 
Force XXI. National Secunty Studies Quarterly, II, 61-80. 


Arquilla, J. (1998) “High Powered Microwaves,” Information Operations Course 
for the Special Operations, Low Intensity Conflict curriculum at the Naval 
Postgraduate School, Apmil 27. 


Hundley, R. O. and Anderson, R.H. (1996). Emerging Challenge Security and 
Safety in Cyberspace. RAND Repmnts, Santa Monica, CA (Repmnted from JEEE 
Technology and Society Magazine, Vol. 14, No.4, Winter 1995-1996, pp.19-28. 


Introduction to Computer Security (1997). Monterey, CA: Naval Postgraduate 
School. 


Brown, Andrew. S-Tools [Computer software]. (1996). West Yorkshire, UK 


Sun Microsystems, Inc., “Sun Premieres Java Cryptography Toolkit,” 
http://www.javasoft.com/pr/1998/01/pr980112.html, April 1998. 


68 


INITIAL DISTRIBUTION LIST 


No. Copies 


. Defense Technical Information Center..................... ccc ccc ecc ccc ccccceceees 2 


8725 John J. Kingman Rd., STE 0944 
Fort Belvoir, VA 22060-6218 


Bee Dalley sen Pel alley tenes te eM eee ae ea eee ea Wee dave toes ane ageiases Z 
Naval Postgraduate School 

411 Dyer Road 

Monterey, CA 93943-5101 


fe rotesson Gordon Bradley, Code OR/BZ..... 2.515222. co csicececccaccutes os. ass deen 4 
Department of Operations Research 

Naval Postgraduate School 

Monterey, CA 93940-5000 


melee @hanies Shaw. TMleCode OR) SC ae. c.. cerns Ge een tees ss ssh seen eects ] 
Department of Operation Research 

Naval Postgraduate School 

Monterey, CA 93940-5000 


eS special@peralions © OMmnand....ytress. sms) s n.. 22 detroan ee 0h 1obes been 5 
ATTN: J7 

7701 Tampa Point Blvd 

MacDill AFB, FL 33621-5323 


ne Ale Lay eS Eat y CU: 2 Seatac ae ee ee oh, anes ema gTae via ke neghs actos 1 
24 East Taylor Street 
Savannah, GA 31401 


peEleadquanters, Departmeminen te AMY a..240s soc siee sev ecs see oss doueen eset ] 
Deputy Undersecretary of the Army (Operations Research) 

ATTN: Walter W. Hollis 

102 Army Pentagon 

Washington D.C. 20310-0102 


69 











le a 3 70ff 


10/99 29597_onn. |) dE: 



























foto Se Se be Met 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1} ern Th Ar) é 
eo 5 Perr Sate AP 
Wott Rar, eal are Ste 5 A 
AT Ne oe od A Doc oH bre rte ea f a | a 
La Fpl +" hha Og8. 3. H CO eet YI) L -E } GHA 
aie bere AL rh ear gieyht : : ° 
By EL Pegs dle te Lense yh rs oe ‘ a Ps a: 
SA had bees org ‘ a 
a Heart he 5:'at/aboes? am) j 
Del ih f 4. rs Abe at’ a A - P 
Ses! At he if fer at E x ; ‘ ba U " 
1 7 bef : 
bn ea ae Clot cs ve rue ty 7 S rh co | 
Hae LS oo Cert ca) ; eT ° , 
ae tenet te aa P) a a a 
eg Bote 3 2768 003682 ee 
5 @r 
ca Cr \ 6 e 
¥, tect conte Aa ry. : . 2 
ie Ae % K. AR an rity ; x . 
an a - Aah SE SH 4 Ae Es ten Ales e Py r P 
| ye ee Le « suit Oh oe 5 bee ay 5 e ry P 
eaters rena at 49 Gh PEAK, ws Tt Sota ORNS OREO ved es ern ener ° 5 
phar oy het SoM TACT pleat tebe es Bebe a Salas LP A aa Ae cS are . oe eee A - 
. a ial Fp @. 11% th Ur! Ce rr) aT , 
Paar Ray hore Cy oer te A OU he abe i. Leet SO a aor Phe bard ste a oe se enott ou ey es qe 1° e sg : F a 
cPiente Om te metic} HRs be the Ps Pid ta Prey Hy Re Poti be as ( of tC es Auge rm er) Ae erat fe Ter ae a) We q Se - . 

ol, ete Pere yer Te A oY Herre ale iar ee a eh he eet wt) bs *4% A P ro} 
the fae ae a hw tah ed ed ve oo A Lv Lh Uy Ch) Ce ne CTY S oa vary or) “ars 4 oP - , o 2 
OP IML eC NSU Tile bea Witte rte whee rhe Wee aa ESD ry AOE) of ies y Pe en ee 
Ce asi apg Pei Pee Nett be Ha fot Series a iat tac ere eG Lh ade oP eampe dee ae FLL el ie Hoa mm ; ae 7 ie ' i a. : , 

y f ‘ Hie AEE LAE be bie ote nel at oe oh Ghee ’ oe F , 

fe mb Sud Or ee of r H 1G Sd ae Sader | Oa! Oe ee f . ; : 
cael a ae CRO i) ah iene tC Ae as More ye ee ees ote in AE 0 4t @ beg ef sis overdo eraclia aot @.0 a i 3 iad , 0 ees : 
Gara ON Td Le ee Ure Coe Bi RY Sd behind be ro fo as ee gp hd CR) ah ba « 9s 6 @ oa 
PIM a Tete Gtalk henshiche Pe oe a Cw) i Gdahyiat ay Pad ACP F 1M, Moe Dt 28 8 Y) ie re . * Ce er er « . 8 
ser Om8U8 1 te thy Rye tee, ee Fi Tipe eH (he Ar hn rh fiestas i goat ‘ *. rt 9 be Pr ae i ee A Pe F een ro 
mee Oe SO px) biel toa bye By 5 48) “at's = Aer Pe op 8 ‘e 3 ad ie A a | Ce ae Sar > ‘ r ne) aca ar 
OOO ae eed ag Or si Py tue tafe Pat ae Hoeag re’ BH cy reece HA a2 ae f (Soh er a Oe eee : - iti og °° ; ss D 
Aare enya N Pha Nee Md hs wise a ok ays ar apd a oS wheal yy "uy a GA ape @ oun ne Oa ea eee ee 5 ‘ ‘7 7 
bir a cy bi re Ok ars et oe Chie ae re ru Pe ad aye Le aa ’ Ai FS yh ns oy © oe ae ey bry ae A a ry © @ #8 a owe a ® ° ry 
aie ry ew) rie har bed ino eure mY wel pe eee ae re | A ° 10 ¢ 
ot ce) rit ar ocr ee rieclicbfi Mr LA PY ART | y Her prie ety eres Pe OTT 4 Pee WC we eee Ph ar oe | . 
bd Ph ld lee Ce lag fy battsbuds b rrr Cs el ee | Ppt r 7 se Ard esiincace POR he Ns ae bd BR : Pe e wh . at '@ e arge Pe er | ae ee A) Pa if > iT 1 Pr ny 
ery Se Paani ai ha reps A At operat ot are Ber Pi tr fe po bee bre bree Ln hfe HA at Pt rhe ler 4 or aera 2 Oat Te ee cette t iy rn Y ' 
epee or tate e4 ati Cemetary | nes ‘ ear Oe OL ane eee De erin Der tote ep eR a ET A oe . oe We Dc. rhe ere Maneater . se er es 
Py La aCe Yen rads 7‘ Sate ds #5\4 Titans Ae aa eet Mea ow er A f hte : ee ae U oa P oie Sree e 
Oy NO eo ri Ay ane H " 4 eed y had Si te te, an A cf 3 e gue 2 oO ar) 5 bs) OD 
re Carat ape uy Dana Po ah eo eh See ce De re Sah Or yt eT 7 ay ferent | yw) = 3 Pag ste a ' e te eo ss as 
il eed e hat Ce rr eer ie v5 Pci Spree Fn rs } tierisr! ade he e ea aed ee Ms ee ee ee 2 Ms Ces ‘ é 5 te . 
eee yee ore. wine waka tall Tat iets hes eter Th Nar pot ee eer pe ¢ ry o as uu art ag Par Ponreas - ; F a a ris 
Meier iekaneigfongtamgeyacse a Pie ars ks rn Ory re Pee A Oe : rT r hare U & A i 5 
Rory Oy ST a ee nl ran LR ig eat bela hart ooh de as ’ As 
7) ek ap Reh PTE re AL a ees aa @ a ee or ee A 
On? apes er a i eta bs ae ot) re ee Per oe | eo a 
LE por pA Pa %5 a ae re ot ® « PF P 
eee ee ee a ee ws , i Ps Se ee Se Oe Dee ee * ® 
ea cae sa Mth room Cl Le tet @ 2 on . Po ae a) ° a 
areas ae eptanfe efor etch rh Fate a a Go he On eh ry re oy Mee Pea wr) bs ; i ere | LS Pt oe ee i nT F 
age aot ityt1 Fp rete hab, tekst AAR his ng Terje ware iol ye TUN Et A ete 2 MO fh I i ys pot sf we . : 
Fie Sook We epee Pare vy CTT eA ee tf Pen enti ea erg uaa roby Werk tate + ao Chee  @ . re 
Mi rv OE oa trial We Dh aie te aH et rer i se 20, bye C3 ae Press ioe aye heeetpe He a eet ae, Tn 1g Pir Fes i Ah A t 2 Pa 
rh Me i" a hete oe rat Le Pa a Tot Solalab 2 O18 20 choos Ulett sobsk A a 4 F wf fe - iad to. ve hs 
PAA ror ester oe Prete ti OF POE Are airs a PY ee Oe He Shel hace dali Co aT I a Cok Ree ee Paar er eee o@ 
ieee) bbs Pate - aE ae ed epee SA ad Mea A TLD it Reh a de te ea hd a OU LE Oe Fr eae eat n 
PCA NOR ot wa Par a tea os Oe a) an fa Hon am ae ae Hea vi Ree L eT hy Sonera re ere per Ae yr a ry ; im 
PA Pas Se eo Rory Pe ae eee STL Te aca PY re ; o's fem a 7 op edt CG Mh ar A aA tia ere ee) f r Fy os 
OB Ach ae oT Cees He ta ete Hh it ab dd Ss ees A 3 ‘estgfet “gid: oy oe “ag ne ; Te eg are riche - , 2 
what lg rd bear iy ay eecar ay Te eae SES BN Pee Me re ed ee ae Po tod # ok “gat f Pe rj a ed a r ye ae a rs 
RC ni te Dla ae ee tele ae ae ee ere ee See ae ie i pe tet ad By pe eA sper ts Ae Ld a a : 
NR a ts eee! Lhe of PA alee et aber Dit Pate ar er ye f % id be ehh that Ae eae bad fe a A 
Pe aiaieae ear oe ake setters Ghia Ls ri Seta Peri Sat Cr a ereekslyd cesqeuedl he be) 6?, meee 208 nae Ce ; . 
re WH Pde OD Sat ea tele 1 & mT 7) ere or a e ob od es r Ps 5 
er id sete mete epee Ts ta or} atatofee + Rae A ieee ae na ae 2 
ere eee Nsiriee id aid torrie i A ih 4 “abs it by le; ee » ee Par PY 2 a ro S Py 
Theleted nty epee etre | ne ee a an "ates: ar rR ae ar ES It a 7 F y 
3 ae ad A a r) ry PT 
eG ey cr eet) tree cehs eens A tn tt F " O 
Pe Leena bint orl § a rah a Se tbe) ad + id e hd 
ebakut oto stabs tet or ee ; me ee pee 5° 2 ‘, Cr : 
tobi tatobstal pea ah Mo Grae He See “i rae er ee a. ely o rs P 2 
yiobad Fe ACN Ta oy aoa atembe Po i H : ! ss 
et ng A lirse str Ne ais iok ciceser ie [i hae ete) er i EEE ys eae sag ae ri 4 op ite as 108 2 , : - 
SOT eat ne Le he al Prana ty or ¥. vy ae or ee Ye KP L | ae ‘ re eee ’ 3 rie fi ‘ foe 6 68 5 e O 
CA BE eee ies | Se or dd = het * $k hee Ce yi Fab 4 Bote’ 5 ) Sa Stet wer) Aig A ‘| Ay UG a “ee aa ‘gene? eo, of.6.% 2B r ‘ , 
Oe EP Pd tl eth hy Dens Te 1 de> a Pe ey et Pee ie Ag ; Laer | Met dt} i a 5 dif , oo gum, bd ad o6 O Py 
et ee ee Pe et Pt Tet eee meats Ars Sop PY ee eae arene oP mee ieee Be Pe ee 3) ~ eine - rae on Ie , 
is We lean ea nk ane Fae AN hy ska Feoel % tobig rae? t ah rete a8 pe ROT oe ee ON epee Ae ne ° a) P 
Paid At Ate Rh itera roo Paar Pe ig ae ae Pa ee Bt a te er | 2 
eT PRT oe ae Ment rai are ety rae | Aad or a et i tO Serre a tae ea Pe De Sehr Oca ree of oe e 
Nate te be hal. Py Pu a'r ots? stad Pel land ALi wd a ee etade p Said Le eee i A : ebay fad a eee By Ps 7 ig ° LJ 
tists ms pebtbnp pede htt rT “hpate aap hs 4 ps CLA a) oe - a rt pee oe = a bs Ce i ® 7 oO 
is eile d haath Tas H rae 2, Ue ri Pu PG *4\ Polat y oF hd en rat “G] Mere Pred i s'= | ee y? 28 e@é 7 
Paella ie cP Bt ts he 6 os , at, Soh a: at PL ae | - rs = . 
of a , oe Oe PT Pty Siz A Ate od Perot 7 Pe = by Prt) ee eee Pp 
4 PEP ee fae Dil Lh aed Mea aT PA ae ia § a sf S : bd 
rr en reer « Gus _ oe 5 a a) Cn 
fe i 7# * Tra aes mS ys Py Mie ry f 7 
POT od Saal € 0% Crea Ty er Sod , Py Pe s @ 
WPF fine Po F aaa eS err Sree te ee 3 i : I My “Ores 7 
ae tp , rit sf oe Pe Wate ¥ oy e ay war | i 
i ; p Cats ae 5 5 ‘ s 
PMS erie ones Doan a Nien fi eR es 8 iF Ti Ce eer f ’ s z 
Piet ieet pd od “oe oe PY es rh Ap ae lyse! ar a r 
Hed era eR Oa arn et Pe nee he] ca aU Tey st ey "4 8 aah ' re eee wt bh, a . ry - 
Rt lee Pe eT, td os oy a 4, or ad site _ ae wii. 8 ‘¢8 FI ; c enor f Y 
SAA tars tee ee fgg ee PREM - eps 2b be ole ‘ °5 ; , dtm a = *° a i a ; i 
rt Fad a a at FY oe Y D H 74 | . ry F ° 
A AE eee Ra Se » orotate ts eta ‘ si ee ae ee Tab ses toe Oe ee Y 
2 ser Ra ak ay oe 4 Amd ha art ae r i & @ #08 4 $e mre) F os | AP - man vd et r 
; « oT Sl ly o : 
bl yet reg aa os . a pe be 38a | P i] ° hep ags ahd * er , avis . bs © 6 ote ar bee 6e e ’ a? « @ - 
Fe Bt As! hot ee i ay a Raa & ~ t F r ry ~ _, ; ier ee) f ap r R stad ij r , 
Tey ts Tae he Nt baby eed LIC . - Cat ae eg we 0 é 
4 er rt er i > me ie a‘ ‘ A ar r) si eT 
\ Pl) i Pe 2 oe rr) tp id i’ Pare b ’ 8 bd 
ab 2) ee) cm oe dt r) ® rs ae) ee) Pw) bg , id bd 
4 -Vaalit Dd t Oe ie . Ly J a: 90.4.8 Ae a) = e Bs , a) i ad ; 
7 by pt tebe ate? HM whe ad a Ww ae 4 A "od : P = er fs _ " P r : : - a 
di * is 7 by e e 
ae" AB Ae TTL ches yh He oS hd oa ey a e aa. , Cad ae id a : - 
7 Fw RLF pPA Ag" 2h es Verod oy ay ee | PY : PS ‘ : e n 4 o P P od bd pe! 
a rer, PP Pot etd rs A ‘es U ayege iy a | di ea ) te : “ = . 
ire tak alte wee Pate tales PDF, P Pe 4 s % ® ray a ba 6 ‘ 
More bPotoredet.f Fs AR fat Bsa” Bvt 5 Sak* ak j yes ar ated ad oe ‘ , e ® «6 
5 a 2 nh ze bt aee 16. fy yh : re a : ry Pa 
1 ror at a * Pits eA ok dl 4 A ? ty ‘ ric we . ‘ tr ° r e . 
Se A Lr tae uC a racate Mn Lh bt . er e nm P F ms Py = o¢@ 
ae cj Ci A Ft ave 3 ry 1 od Ler r) 4 Fs 
er ee ae ; F ye cues - oye 4 U ° r 0 Py 0 ° 
ee Pe | ea Pe wee Ld ° PY 2 Lf 
, rl Ae es f : P 
y a - oe ae A e ¥ x 
e Mu , 5 t r e A . 
pe D 9 / . ; 
tus te) e P e 
° s e 
Py i 
) 
A Pe « : Ls a) 
e 6 OT 
8 e 
: PN cae F 0 5 
, ° 8 
rs ‘i 
OC d 7 4 ry 
id é Ld r a 1 : my . 
mr y P a > ry PY e 
ef Pe ett ry : ° ry J 3 
rs i“ Od 
id ® A e 
3 ® r) os i ° , - pO 
J Li . s e 
ss a j Pa r ‘ 
e a e J ° 
r i r ss , rt 
, % a Ai ef es 
* rf 
rie s 5 . ae a 5 
an} 6 A bs 9 Py 
Py bd ° TY . 
He 9 ry t 5 4 | ,, a 
- 4 a a 
a rm ae A 7 6 . 
r Par R - 
o . ? - e Y e 
® e 
a og es ¢ R 5 ah * A 
e ry C7 
ee res a s! sf Py ~ Cy 
. Py *ob id oo A Fy a 
eek sd te ' p Pe t tes "i 7 
ps . a ey a ite r e,se An : p S 2 
*% 5 bs | Noa ® a xa M ¢ 2? eo P 2 - 
tt bh ta si oe th Ci oe es H e . 2 ae ad . ° rn . a ry 
MO ke Sho te bes a 2 2 * 
rrr ed Ll ¥ Co o 
eee ear bd “ ee " Pee e 
ca bah a ae ry Pr r) 8 Ey ° ey o 
rast hebd pe i 5 + E Ld 7 
presto. be te te ee | r t 7 bd ° ° ® 
| Oe opr Sats et x Un es Py 7 
he eit es er hat of en ey) Sh ehey iP 2? Cy a f a 
4a mites sa hd iat Sak WM Se leh tae ire 3 sg 
net Raekdte4-atetie se te oe at reper Fo ary : . , ~ : 
er er ary teege | Bee eye & at ' ay a) oo bY “i shal Pa ne " . - m4 e 
eer bth ee er as ” bl Se sity Pe ee er ee it y; Arte me bi % MS i ° ns ad 
Sad, Pertwee het? My Hororye, © oe Fy Ara Carey cert fore re 8 ee eu a eS ae a en i) = A S a 
bd Sal aol a, be 9 8 Ct Sar if ot Pweh% a bat talll Sa Soeoah ‘ee Pty ss x1 com s at oa Le are: Aa kh = eR my sd nr ' Me > : 
ee a a Rte bo a eo sy Je peeresh's ga os AA EG, SRI EERO eed Natta Meal fs a Ls bd . ° ° 
ad <a te eM ee Os ys pac dy cal Fat ade Ast pat o-Farebangeacety™ Weece poy esha PRP or LI abe ae Are * cS ® A * 
Sites leks te teats Fy errs Roe Pecan SDSS on a 7 M18 fe Sool vant MR os a Seas ibe P = Pe CP . 
NR 4 oa ¥ ee te i ae : as Preys xe he ht the : ts ‘ 
ia . a von F ate Meh hee 06.8 2 Benes bade tg | Le rr a Fa S 
ee Gr il : ty Pas t sto ace ° ° id ee : 
en e Baten s aes ha *o % oe . a bd 
Piro wes Py ' 7 ; A eens ae a 7° ° 7 . i 
eae bi 4 . : . ru OT died n Ty ee 8 D r 
one ba ta) rr? LS i ied ry r 
ra ah one She aah Sree La We hind Se lochs hen ae Bet ei 4 pe Me hh Ps Ea ee edo i 5 ° F - 8 - 
Ea ea oa 4 2 ERP eh yan omy mE eh Ay Gh, 0p 8g ad an a * Ss ad 75 
Rete et Phe Wein Sak be on ST bet A oe rt yo teers +t ee SS - ° ry 5 5 
Yel teh tal Saeed ol eee Sher oy Py ar pert io Ls ae ry - o vir ne Se a Oy 
CRE et ee Em Sek kde fe Aba hs bee ee PS Oe ae) a 
RTT eT td a Ted eee Ll al bik le Soe he Le ind ol fe Se a aa Aree tay aaa Bes a D tc - 
ST aese-3 poe Str en Rule he hed eyes ei +S Ga aie Se eG a ie a ee] on B 8 eh Or reecgie 6 tai a 3 5 : 
to Uh ene as Dep ae tas aL Sh pa git seege at Pad beh it <a I I Lae ately Paging ts oor i Cater rors a ) here 4 Pend hae. aa) A ol e + i _ 
Ree Se aerate, te Thiiasch re ae hia ry by ot Se i te er Marepapserser, 1s araehuivaseea oe oe ose aN staples 2 ay P - “ 
4 Pada ty acy! ES ogres ary rate st ASE osSyla oP a ; ee * a - - 
Hy Ort 9 by DAHER gh gh lp aa Seder nehary! emisatgd Le ig movers me Pret a eo shea Cal Me betel TY ® «de J 8 ‘ . ee PY 
5 haem, Liter. tak a aoe ted Bk a th J Sy p! EP erreur,” 9° EMS ae ° FOR PE ee et aT eet Le ". eee EL = sin 2 
ot ee ie een ters | fp ddted en De | Ae Pet aL Rae 2 te CORY Seah Nee) oe meat! 
Cine aera SAR RU CAM Coie Se Nana ee ; ; ee) 
Lr feet meat os eed be Ny PE 9 e Soheita ths ‘ ace area d x Fi rf 
b ed oe ted ta Sat ee hd“ ba ¥ Ss ery ei Pt ind Fe ancd tah adiig! ba ° 
ert ethan Ree en zenta| be s5%y be eh . y 
bes bo oe ey eka tee Pea ae oid) - Pil ee eo 7 
pes ry ee ret Ak te Ne id ol . a o « Cary s 
P Boel Heese Jt) Ro Cre Mak Briggs Sate’ ma ° Py p - 
bas sah bod See i OM ok detente senate ty 
ret ptpoerede gs! Lapa ipa Peart rey . : 
bt bah J A SHS shi he i ae EE Ba 7eH Lg 7 be 8 i 
at 5 Hat ley 
ie aa we LEE EL an F Ce Berea yt bene a oe ne BEET na gh oe - os ey F ee 
: phy Ld Tat ab i ot rc SVP Ue BRUNT TaPee Py 4 i per npr hone 3%e 4 U 
rt Nal een y te Mar SyPy erties ter erty } sea arger> . . ry 
edote ie eis Sttelatite lettin tate aa parlor iat nee wg Sth bd os Stetcaotd | it Beebo 3 * ahee*aret gro Weer Por el es Ls ee ba ° . % SY o 
TEE tet dajadeh be ta De hh Sa St bh Label ty & a pene Sat Sh EA a pty Sy uel ee + ae oe ai CU His 3 S St ae i s} ee o i ® 
fd peh ange HOS RE ea ed te Bi ts ceithe hs) ete pipes Ture s Fo%y aa roel Ry ana i whet a Sem mega pd i el Tae EOL a Ie clea tig Bh Be hs CEL OL * ri a 
eer eaeae es ianhea amy! AEore yee aw ye rate ar een ne ALY We TRIOS OO) Ces oe ey Se : 
bd eo Powers Pak td f o oe ) a) a 5 
Wale sasitiet teint a acetates hy Sane rcs Oa ae Oni ST 8 ec oF . ? 
ma ‘ eet oy | Pe i ed | ow bs > 
boshine PA Pens Sitio Cre i ae Re keer re ft ogee é 
Rate PEt Uy at ie ts ed ° Co | 
say: glee ie 
tt Ld hide Soe ok deel Sea D d ron eRe 7 4 - 7 Fe 
nd de abd ae boos be gf es as a Py Ye 4 . 
Leary Aah yy has sy os J 
rea Pe ne Gl 7 Cat eset ri bak ot wih ve rie SAL 
Debate, be ide Ge pt fe eee bs Sedalia a: RAL Ah tes oe PY oe bt q . 2 7 ee - f 
Coa ih tran ctr) NSU aE En ent LA a areas Perey ALi Lab) ory ran « « “ or | 
Calan aed ate! oie i eee Bit ht Pea at a a bandit eae vt ty a ‘ 4 A x a « , 5 
eet Speer Leb otha tres Ri daria Pe eo 1 area rats Ole cab ada Wee al bE x s ae. ue : 
J s ° 
ea eats iets met IONT Tr Then ten tent arent § etl Petes Pubs scectetare Po La Pete ee as care 
Staak Sree Ure Mt eet ene het yt ue pa eee 
ei eue meres RUE CRIt ta remake ert PTE ert mnt eT APN MRC RC ; een 
NAS te Pe ree an BG Aen sere POT LCE NERS gh zeyd epi pele he NN an PE ST a aa ie AO eld eRe oot eee ' 5 ene er ae - 
pT be id tn, Unk td be. beheel h wh heed wh eho wa ae ele date td deka Oe toed ae Pt i a fe SCR ern ae Pn ee eS Md as ss be 1 a s S ' le 8 
abe beh ee lk \ ed oion 9 Pinar hte ere ret ate 2 Lee pere oe Waa ar bw rq oc to oka aed Pw ee te eee . . bk r «os ° S 
Ch faba et oa id ee es Tae id ae id aed eek had : ery ePaty eran ote ECE ARAN CTI Ue aes wae CNC O ve iy ee 
Apia fe Cech: bt Sh be eed rh ped be 2 Rae e La ae hh be} 6.¢-0* 1 Meer aS as n i a) ] er a, eee . Fs a a 
Ser rarer) ‘ Par a pe pean a ee CS aE : e a Ds 
Othe dh pipet pet-d mb ete SRN eee A ne . 7p Pe ar : SS 
4 bf eh noe Sp bagheshe i Searcy SEE a ap ene ae awry : SA a 
% ri Pete rer hs a Ld Pp oie] ue . ee 
hd ‘ ar ke aus . s . 
tea ett Heat Tie ts ay. dart acer rea en en | 
Petco AS het Perry . [a ee» - ta ert 5 eran Ps st = . « Pe 
re tele nl kr rae peer ee a ge a . sob Se TO A | * 8 i 
bs parte Usps Ta b Far gre? ot ES lucy, a! v HN we Pt he ns ae oUt ae * eed a . 
vowed ts ap raate obyh ohh a LD Seth Mee Reels ro} Poe ee Saath Odd tale » yr iM nertinetgn or entn Re ar eee aie a CC ee OL es e+ 
pucepeces chee $re7wre 0 ev at is ty I derysys teeth Rita sy OPKE Sr ote of Etim ley Hip MER Om Tete aS aptgers meets otetihaey ete babe AS ba ar a a) IR ae ee e «Be 4h6 sete a 6 oe . a 
Ld dah Ef Sete! Hate bes! tara are Pat pa bt SHELA TH RE A Teo aati bea wees 0 Ste oly etal etye eae aS Ha CeCe x ie be et .? Cr c , = s Ps La i 
P Pete 4 fF Tt ean Lot ot @ od i ert oe et ek) en See aa J oriy A Py an ‘ 
pet Saralute +) cat Spee nee tt a (Oe pata F Reet S43" ee Me cotheats Aeon Ry ma erred ie 1 edited oar ya a ‘ ne ap 2,0 me 7 Pt i 7 Cs . O Pi 
Moe eT Lad od a) rar) 5 . a : “so tm ¢ Crary eal = 8 
aes i Sa they on salut scentasanl che fi fe or i ea Cee Oe a: 3 ce ; *r ey ois ; a = oe 2 Ld. . 3 i « » 
har Raet ty ae Pag er) eens aa inr ye Be Sonia tibqen Ga. te Ps SACS icy entre) ee wececmanay da . . 
A o os eh gu? ats Se a om) we Pa Pi iG ry Pe ews eC Fe ae of k my ae . Py 2% ar] re = 
tS SCL ee es : ea ’ wre ste as baits i « rh ry cb eed i a . - i Le Ua | \d ry © As hd 
oe ‘Ars hd At. aseur v} aa ges a o oe i, ike: “ ry ry A SiS = - & e . 
hp-a foph-dd Ba gre Pra) le ee atic Maree rt Re Sere ae oe a LU e . ° A = « 
FEROS, GP KI YADDA THO ; ee ee te AEG CH 03 Sener ee as 
Lesh tnt hit py 4 eS gg ees ee i ae aa a : 
ewe Tt od a - O ] « ¢ + Ae = C 
2 sft Ler Salat veh arn Mee Des eh iO es. 8 eae oes ae oa i ie? B 
beg than oe ele Le be Laat th Cras et z eats A EA! 1 tse | + ra ce Cnr) oa a a Pr 2 ® 
rasta ees peste neon et ee Ge nai Sate eet Mee a Ses : ° O so we : L 
a ae AP LP EPL NES Pe thd ues . e ny Py « 
Hiss Bettina va iy Has BSc a: ey Reng teaming Ari oH it] bah rh On Heats oa 7 eee er : rs 
S Oia . bry ‘ a 5 5 
patna tal eet aaah ae ty aay Mo Mie Necca bai a tae Pee ae RG RS Oe) Ones GPE Pe ane patna 
th ad oe al ee ee ad RSE AY Coir eh tl atk ie ake ty cl bet oe al RA a Pe HM GL hh Loe ees “ a Pie) he CL a aa ear : 5 5 = - i Le 
a ae Poet oer he ed phar ir cor Unstter.. hepa ped ay es ® BOs ea ee ee ee « a se ao my Clee 
* . [i a . ei oJ 
Hi pape taht Van at Det ee DSO rae nero Lele O teh Pee fe : ; See Sha, eS ~ 5 r 
he ee ee tS | Pre ir es AH er i oe ar soe r A Py o 
Pore 4 oT aoa * pO . n 7 . 
oY Sal . n « iY & 
Ys iy Leo] i nr Y . M a : 
. 


